ABSTRACT OBJECTIVES: Canadian adolescents' sedentary behaviour (SB) is poorly understood and greatly understudied compared to physical activity (PA). Accumulating evidence suggests that SB poses long-term health risks regardless of PA levels. To design effective interventions that target SB, it is critical to first understand adolescents' sedentary time (ST) trajectories in a Canadian context. Therefore, we examined longitudinal trajectories of Manitoba students' ST from 2008 to 2011 and identified associated factors in the context of a province-wide physical education (PE) policy.
P articipation in physical activity (PA) has long been recognized as a key component to healthy living across the life span. 1 Despite this knowledge, PA levels of Canadians continue to remain low and the prevalence of overweight and obesity has risen over the past several decades, particularly among adolescents. 2 In Canada, less than 7% of adolescents accumulate the recommended minimum of 60 minutes of moderate-tovigorous-intensity physical activity (MVPA) per day, 3 and most accumulate more than 9 hours of total sedentary time (ST) daily. 4 The phenomenon of low PA coupled with high amounts of ST among young Canadians is raising alarm among local scientific communities and public health experts due to potential association with chronic disease risk factors. 1 A growing body of evidence now links sedentary behaviour (SB), characterized by minimal energy expenditure (i.e., ≤1.5 metabolic equivalents) during waking hours, to adverse health outcomes, including weight gain, 5, 6 increased metabolic risks, [6] [7] [8] [9] and early mortality, 10 regardless of PA levels. 7, 11, 12 Moreover, individuals can meet the minimum MVPA recommendations per day but exceed SB recommendations by staying in a prolonged sitting or reclining posture throughout the remainder of the day. 13 In light of the growing concern of low PA and high sedentariness among young Canadians as well as their independent health risks, public health efforts make recommendations for increasing PA as well as limiting ST. 1, 3 Although both PA and ST are issues, ST has been less often the subject of investigations to improve health of adolescents. 14 While available evidence suggests that interventions with a focus on PA may result in a modest reduction in ST among adults, 14 no existing research in Canada has evaluated the potential of population-based policies promoting PA on adolescents' ST trajectories. Adolescence may be an important developmental period during which SB is established. 15, 16 According to the National Health and Nutrition Examination Survey (NHANES 2003 (NHANES -2004 ) US adolescents (aged 16 to 19) spent 2 hours more per day being sedentary as compared to US children (aged 6 to 11). 15 Similarly, ST increased by 1.5 hours per day from age 12 to 16 among participants of the Avon Longitudinal Study conducted in the UK. 16 However, available data tracking objectively measured 
METHODS

Study design and population
This research was conducted as part of a prospective cohort embedded within the Manitoba Increasing Physical Activity in Secondary Students (MIPASS) study evaluating the impact of a province-wide secondary school PE policy on student PA. 18 Introduced in September 2008, the PE policy mandates students accumulate a minimum of 30 minutes of MVPA per day on at least 5 days per week, in or out of classes. 18 Details of the Manitoba secondary school PE policy are described elsewhere. 18, 19 Data were collected through a two-stage process whereby secondary schools (n = 31) offering grades 9 through 12 with enrolment greater than 100 were randomly selected in blocks to represent the urban and rural geography of Manitoba. 18 In each selected school, a convenience sample of grade 9 or 10 PE classes was recruited. All students were subsequently screened to exclude those absent at baseline recruitment, unable to perform regular daily living activities, or living with chronic conditions. 18 Prior to study participation, written informed consent was obtained from parents and assent from students. A total of 596 students in grades 9 and 10 were recruited at baseline. 18 Of these, 533 (89.4%) students returned the accelerometers at baseline and were followed up once a year until 2011 or grade 12, whichever came first. 18 Students not meeting the minimum accelerometer wear-time requirement (n = 65) or with an extreme MVPA measurement (n = 21) at baseline were excluded from the analyses. 18 Therefore, a total of 447 (75.0%) students comprised the final sample. 18 The study received ethics approval from the Nursing and Education Research Ethics Board at the University of Manitoba in accordance with the Declaration of Helsinki.
18
Accelerometer protocol PA and ST were determined objectively with Actical (respironics, Bend, OR) (n = 351) and ActiGraph accelerometers (CSA Actigraph, Pensacola, FL) (n = 96) over a 7-day period at baseline (2008) . Only the Actical accelerometers were used during the follow-up data collection periods (2009 to 2011). Students were instructed to wear the accelerometer on the right hip for 7 consecutive days during waking hours, and only take off the device when bathing or swimming. Acceptable wear time was defined as a minimum of 480 registered minutes (8 hours) per day on at least 3 days. 18 Nonwear time was defined by consecutive zero counts equal to or greater than 60 minutes and those time periods were excluded from the analyses. 18 Consistent with existing research, raw cutpoints of <100 counts per minute (cpm) were used to classify SB and ≥1500 cpm as MVPA. 20 SB was measured as minutes of ST and PA as minutes of MVPA.
Study periods
The baseline period (T0) was in April through June and October 2008, overlapping slightly with the initial policy period. However, we assumed that the policy would not yet have affected students' PA and ST at this point. 18 The follow-up periods (T1-T6) were defined by the five-month school semesters (e.g., September to January and February to June) in Manitoba between February 2009 and December 2011. 18 To control for seasonality, participants recruited in the fall and spring semesters were subsequently followed up at the same time each year. To avoid strong seasonality effects, data were not collected in winter. 
Assessment of student characteristics
Statistical analyses
Descriptive analyses were conducted to describe the distribution of baseline characteristics across the study population and grade cohorts. Linear growth models were fitted to model variations in the outcome that exist within and between individuals. Linear growth models can accommodate unequal spacing of data and missing data in the covariates and over the study period. 18 To do this, we first ran an unconditional linear growth model by including only a semester variable (T0-T6) in the model to evaluate students' ST at baseline and the amount of change in ST over the study period without adjusting for other covariates (results not shown). Next, five separate conditional linear growth models were run, each adjusting for semester, one of the following covariates (i.e., gender, baseline PA, BMI, school location, and neighbourhood SES), and its interaction with semester. Last, three multivariable linear growth models were run adjusting for student characteristics (model 1), school neighbourhood characteristics (model 2), and both student and school neighbourhood characteristics (model 3). The level of statistical significance was selected at p < 0.05. All analyses were conducted using SAS v. 9.3 software (SAS Institute, Inc., Cary, NC). 
RESULTS
Sedentary time at baseline
Supplementary Table 1 (see ARTICLE TOOLS section on journal site) shows the objectively measured ST data at baseline and followup periods. On average, students contributed 2.6 (SD = 1.1) time points over the study period. Greater than 76.0% of students accumulated 480 minutes/day (i.e., 8 hours) of ST or above (see supplementary data). Table 2 describes the estimated effects on students' baseline ST and ST trajectories. At baseline, students accumulated an average of 540 minutes/day (i.e., 9.0 hours) of ST (results not shown). Students with low and moderate baseline PA accumulated an average of 51.2 and 33.9 more minutes/day of ST compared to students with high baseline PA (p < 0.001) respectively. Moreover, students with missing BMI status and overweight or obese students accumulated an additional 23.0 (p = 0.005) and 6.5 (p = 0.563) minutes/day of ST compared to students with a healthy weight status respectively (Table 2 ). ST at baseline did not significantly differ by gender (p = 0.320), school location (p = 0.774) and neighbourhood SES (p = 0.473).
ST trajectories
In the unconditional linear growth model, an average of 545.1 (530.1, 560.2) minutes/day of ST was accumulated at students' last follow-up, representing an increase of 1.0 (−1.5, 3.5) minute/day/ semester from baseline to last follow-up (p = 0.433) (results not shown). Further adjustment for school location showed that students attending rural schools had an average decline of 5.3 minutes/day/semester compared to students attending urban schools (p = 0.057) ( Table 2 ). In a separate conditional model adjusting for semester and gender, female students showed an average decline of 5.5 minutes/day/semester compared to male students (p = 0.029), implying females were becoming less sedentary over time ( Figure 1 ). As shown in Figure 2 , students' ST trajectories did not differ by baseline PA levels (p = 0.216). There was no evidence that students' ST trajectories differed by BMI status (p = 0.396) or neighbourhood SES (p = 0.368) when examined in separate conditional linear growth models (Table 2 ).
In the multivariable linear growth model (Table 3) , we adjusted for gender, baseline PA, BMI status, school location and neighbourhood SES on students' baseline ST and ST trajectories. Table 1 .
Demographic characteristics across grade cohorts, total study sample, and baseline sedentary time among students who reported on gender, met minimum accelerometer wear-time requirement of 8 hours per day on 3 days, and were in grades 9 or 10 at baseline
Baseline student characteristics Grade 9 at baseline (n = 296) Grade 10 at baseline (n = 151)
Total at baseline (n = 447) 
SEDENTARY TIME OF MANITOBA STUDENTS
Among the student and school neighbourhood factors, only gender was found to be associated with students' ST trajectories (p = 0.035). Compared with males, females' adjusted ST trajectories declined by 5.7 minutes/day/semester (p = 0.035). In other words, females' ST significantly decreased compared to males over time. The difference in the adjusted ST trajectories across baseline PA, BMI status, school location, and neighbourhood SES was not statistically significant (Table 3) .
DISCUSSION
Despite the PE policy, ST among Manitoba adolescents remained high and stable at 9 hours per day throughout secondary school. Our findings suggest that SB may be well established by early adolescence (i.e., ages 14 and 15) and track throughout late adolescence. Female gender was the only factor associated with a slight decline in ST over this period. Student characteristics such as baseline PA levels and BMI status, and school neighbourhood characteristics such as school location and SES did not significantly modify adolescents' ST trajectories. Regardless of baseline PA levels in grades 9 or 10, adolescents maintained an average of 9 hours of ST per day throughout the study period. This observation may be explained in two ways. First, it is possible that the PE policy may have exerted some protective effects against an increase in ST over the course of secondary school among Manitoba adolescents. Second, in accordance with the current paradigm, ST constitutes a distinctive set of behaviours that are unrelated to PA.
14 There is mounting evidence indicating that adults and adolescents can be physically active and still be considered highly sedentary for engaging in prolonged sitting or other sedentary pursuits. 14, 23 Similarly, results of the current study indicate that adolescents with higher levels of PA may not engage in less amounts of ST over the course of secondary school compared to those with lower levels of PA. Therefore, our findings suggest that, independent of PA, SB may be well established before students reach grades 9 or 10 and remain high throughout adolescence. Gender may have a role in modifying adolescents' ST trajectories. In this study, female students appeared to be slightly protected against an increase in ST over time. In contrast, the Avon Table 2 .
Conditional linear growth models examining estimated effect on students' baseline sedentary time and sedentary time trajectories Longitudinal Study conducted in the UK reported that ST increased by 20 and 23 minutes per day per year among male and female adolescents (ages 12 to 16). However, Ortega et al. found no significant differences in ST trajectories between males and females from the European Youth Heart Study (ages 14 to 26). 24 These inconsistent observations across studies may have resulted from regional differences (i.e., European countries vs. Canada) or differences in the follow-up periods. 24 The current study is not able to address the inconsistent findings, but reinforces the need to study ST in a gender-specific manner and design future studies to uncover the factors that influence ST among males and females during adolescence. Currently, the Canadian Sedentary Behaviour Guidelines for Children and Youth recommend adolescents minimize their total ST each day and limit screen time to 2 hours per day or less. Canadian adolescents on average spend 7.8 hours per day participating in screen-based sedentary pursuits, exceeding the recommended limit by more than 5 hours per day. 23 Although no guidelines exist with regards to the total amount of daily ST that is appropriate for adolescents, the reduction in ST (2 minutes less per semester) among female students in the current study appears to be minimal relative to an accumulation of 9 hours of ST per day throughout secondary school. There remains potential to further reduce ST for female and male adolescents in Canada. It would be of future interest to investigate how much of the total ST found in our study population was spent on screen-based sedentary pursuits. The current study differs from other studies by the time period and context during which ST was examined. While others focused on comparing ST in childhood to adolescence, 5, [25] [26] [27] or adolescence to adulthood, 5 this study examined potential longitudinal changes in ST from younger to older adolescence (i.e., ages 14/15 to 18/19) in the context of a province-wide PE policy. Adolescence is a critical developmental stage in the life course for physical and cognitive growth, as well as a transitional period characterized by a growing role in adopting lifestyle practices that may track into adulthood and remain stable throughout life. 28 As adolescents spend a significant amount of their waking hours in school, 29 the ongoing PE policy in Manitoba offered an opportunity to potentially influence students' lifestyle, including SB. It is therefore important to measure adolescents' baseline accumulation of ST as they first enter secondary school and track longitudinal changes in ST over the [2012] [2013] and are crosssectional in nature. These data report a modest increase of 20 minutes in ST from 9.3 hours per day during adolescence (i.e., ages 12 to 17) to 9.6 hours per day during early adulthood (i.e., ages 18 to 39). 4 Similarly, we also observed a stable trajectory of total ST per day throughout early to late adolescence, suggesting that Canadian adolescents' total ST may track from early adolescence into adulthood. Similar trends have been documented over a 6-year follow-up among Swedish adolescents and a 10-year follow-up among Estonian adolescents. 24 Collectively, these studies imply that SB is potentially imprinted very early in and remains stable throughout adolescence and early adulthood, and prevention strategies focused on PA alone may not adequately address ST. Future strategies may require a focus on SB and early implementation in children, alongside strategies that promote PA.
Limitations
This study has limitations. First, a convenience sample of grades 9 and 10 PE classes was recruited from randomly selected schools across Manitoba. As a result, our sample had a higher percentage of participants with healthy weight and meeting the minimum MVPA recommendations at baseline and the last follow-up period compared to the CHMS sample. 18 Second, active consent may result in differential participation and selection bias. Therefore, findings of this study may not be generalizable to adolescents living in Manitoba and other provinces of Canada. Third, the lack of a concurrent control group unexposed to the PE policy limits our ability to infer that the stable trajectories of ST observed among our study sample was the result of a PE policy promoting PA. Fourth, the baseline data collection period overlapped slightly with the intervention. Although the policy was officially introduced in September 2008, schools required time for implementation. Therefore, we strategically supplemented initial baseline data collected prior to September 2008 with data collected in October 2008. Sensitivity analyses revealed that there were no differences in students' ST at baseline or in the trajectories by time of recruitment (i.e., recruitment before and after September 2008). Fifth, the current study did not present contextual information on the temporal settings and types of SB. As emerging evidence links adverse health outcomes to specific types of SB (e.g., screen time), 7, 8, 13, 30 it is important to identify whether Canadian students are engaging in certain types of SB more than others over time. Nonetheless, the current study was the first longitudinal investigation of objectively measured ST trajectories and their associated factors among a sample of Canadian adolescents in the context of a PE policy.
CONCLUSION
Canadian adolescents' total ST per day may remain high throughout secondary school. Manitoba's school-based PE policy targeting PA had minimal influence on a sample of adolescents' ST trajectories over this period. Interventions or policies targeting SB among children may be required to reduce this phenomenon before habitual patterns of SB become established. RÉSULTATS: Au départ, les élèves ont accumulé 480 minutes/jour de TS. Durant leurs études secondaires, les trajectoires du TS des élèves sont restées stables. Comparativement aux garçons, les filles ont affiché un taux de diminution du TS légèrement supérieur (p = 0,035), compte tenu des variables sociodémographiques. Les trajectoires du TS n'étaient pas associées à l'AP de départ, à l'indice de masse corporelle, ni au statut socioéconomique du quartier de l'école.
CONCLUSION: Le TS des adolescents est resté élevé durant toutes leurs études secondaires. Le CS pourrait être bien ancré dès le début de l'adolescence et se poursuivre jusqu'à la fin de l'adolescence. Nos constatations indiquent que des interventions supplémentaires pourraient être nécessaires pour réduire le CS avant et durant les études secondaires.
MOTS CLÉS: temps de sédentarité; modèle de croissance linéaire; analyse longitudinale SEDENTARY TIME OF MANITOBA STUDENTS
